ABSTRACT: Our studies of the Neoproterozoic Uinta Mountain Group focus on the Red Pine Shale in the western Uinta Mountains and the undivided clastic strata in the eastern Uinta Mountains, which record deltaic-marine and braided-fluvial to shoreline deposition, respectively. We conclude that the Red Pine Shale postdates the < 770 Ma eastern clastic strata, and the Uinta Mountain Group represents deposition in a rift basin predating the rift episode recorded at ~ 700 Ma in western Laurentia.
INTRODUCTION
There are few well preserved, well exposed, and undeformed Proterozoic sedimentary successions on Earth. Despite their vast thicknesses, some of these surviving siliciclastic strata remain poorly understood due to their seemingly homogeneous, unfossiliferous, and inaccessible nature ("Curse of the Proterozoic Sandstone", Link et al., 1993) . The Uinta Mountain Group (UMG) is often thought of as such a succession, composed of 4-7 km of dominantly well cemented sandstone (Hansen, 1965; Wallace and Crittenden, 1969) and nestled in the high elevations of the Uinta Mountains (Fig. 1) . This paper is a synthesis of recent and ongoing research aimed at removing the "curse" through detailed stratigraphic and facies analyses, petrography, geochemistry, field mapping, and micropaleontology on the unexplored units of the UMG. Another goal is to begin to unravel the depositional environments, age, tectonic setting, and paleogeography of the UMG. This work also provides insight into the evolution of western Laurentia at a key time in its tectonic development Colpron et al., 2002) . Our carbon-isotope data are relevant to reconstructing early Neoproterozoic eukaryotic diversification (Knoll, 2003; Porter, FIG. 1.-Geologic map of the Uinta Mountains showing outcrop distribution of Precambrian rocks, including those directly westward in the Wasatch Range. Map was constructed using maps from Bryant (1997) , Rowley et al. (1985) , and Sprinkel (2002) in the undivided clastic strata of the eastern Uinta Mountain Group; (9) Hoop Lake sample locality of the Red Pine Shale. Modified from Dehler and Sprinkel (2005) .
2004) and pre-Sturtian climate change (Hoffman and Schrag, 2002; Dehler et al., 2005a) .
In the following sections we present sedimentologic, stratigraphic, carbon-isotope, and paleontologic data, first for the Red Pine Shale in the western part of the range and second for the undivided clastic strata in the eastern Uinta Mountains. We discuss the relationship between these western and eastern units, age and regional correlation of the UMG, and tectonic and paleogeographic implications based on our preliminary interpretations. We hypothesize that the Red Pine Shale represents marinedeltaic deposition, the eastern undivided clastic strata represent dominantly a braided fluvial system, the entire UMG is genetically related and mid-Neoproterozoic in age , and the original southern basin edge reached beyond the modern southern edge of the range.
BACKGROUND
The UMG is a thick Neoproterozoic siliciclastic succession that is exposed within the confines of the Uinta Mountains and makes up the core of the Uinta Mountain anticline (Fig. 1) . The Uinta Mountain anticline is made up of two equal-sized domes (Hansen, 1965) each of which has its own characteristic strata. In the western Uinta Mountains, the exposed UMG is composed of 4 km of sandstone and sedimentary quartzite, with lesser shale and rare conglomerate, and includes the capping 550-to > 1200-m-thick Red Pine Shale (Williams, 1953; Wallace and Crittenden, 1969; Bryant, 1997; this report) (Fig. 2) . In the eastern lobe, the 7 -km-thick succession has significantly less shale and contains añ 225-m-thick conglomeratic unit at the base (Jesse Ewing Canyon Formation; Sanderson and Wiley, 1986) . The Red Pine Shale is not present here (Figs. 1, 2) . Although correlation between strata in the eastern and western lobes is not established, geochemical and petrographic studies show the same pattern in both lobes: arkosic sandstone and shale derived from the Wyoming craton make up the northern half of the modern outcrop belt, and the southern half of the outcrop belt is dominated by a mixed arkosic and dominantly quartz arenite composition derived from Paleoproterozoic sources to the east (e.g., Ball and Farmer, 1998; Condie et al., 2001 Wallace and Crittenden, 1969) , a composite measured section of the Red Pine Shale and corresponding δ 13 C curve from organic carbon in shale (this paper); and an eastern section from ongoing mapping (De Grey, 2005) and data from Sanderson and Wiley (1986) and Hansen and Rowley (1991) . The Red Pine section is a generalized composite section from the type section and the Hades Creek section (Fig. 1) . Modified from Dehler et al. (2005b) .
The UMG unconformably overlies the metamorphic quartzitic and schistose units of the Red Creek Quartzite (> ~ 2.7 to > 1.7 Ga; Hansen, 1965; Sears et al., 1982; Houston et al., 1993 ) and is unconformably overlain by Paleozoic strata (Fig. 2) . A whole-rock Rb-Sr age of 950 Ma from the Red Pine Shale was reported by Crittenden and Peterman (1975) , yet the microfossil assemblage and δ 13 C variability in the Red Pine Shale, and possibly lower units, are similar to that of the ~ 770 Ma to > 742 Ma Chuar Group in Arizona, which suggests a younger age (Vidal and Ford, 1985, Karlstrom et al., 2000; Porter and Knoll, 2000; Dehler et al., 2001a; Dehler et al., 2005a, this paper) . Paleomagnetic data from the UMG in the Flaming Gorge area also suggest a mid-Neoproterozoic age (~ 800-750 Ma; Weil et al., 2006) . A new U-Pb date on a population of four detrital zircon grains from a sandstone interval in the formation of Outlaw Trail, a lower fine-grained interval of the eastern clastic strata (De Grey, 2005; De Grey and Dehler, 2005) , indicate that the bulk of the eastern UMG is younger than 770 Ma (Fig. 2; Fanning and Dehler, 2005) .
Paleoenvironmental and paleogeographic interpretations of the UMG remain unresolved. The UMG is interpreted most commonly as a westward-flowing braided-river system, within an east-west-trending trough following the outline of the modern range, that was fed by local alluvial fans from the north and opened to a sea to the west (represented by the Big Cottonwood Formation) (Sanderson, 1984; Sanderson and Wiley, 1986; Ehlers and Chan, 1999) . In contrast, Wallace (1972) interpreted the greater part of the western UMG as part of a fluvially fed marine basin, with a shoreline coincident with the modern east-west divide, and extending beyond the south flank of the modern range. Preliminary work on the Red Pine Shale, and similar mudstone intervals eastward in the UMG, also suggests marinedeltaic deposition in an interior seaway that may have extended as far as the Grand Canyon and Death Valley areas ("ChUMP seaway") (Dehler, 2001; Dehler et al., 2001b; Dehler et al., this paper) .
The tectonic setting of the UMG has been modeled most recently as an east-west-trending intracratonic rift occupying roughly the same area as the modern Uinta Mountain range (e.g., Ball and Farmer, 1998; Condie et al., 2001) . Facies, petrographic, and geochemical analyses suggest that the basin was bounded by an active fault on the northern edge, but the structural setting of the other basin margins remains unknown (Wallace, 1972; Sanderson, 1984; Condie et al., 2001 ). Many workers have applied the term aulacogen to the UMG (e.g., Sears et al., 1982; Stone, 1993) . However, the UMG overlies cratonic rocks, is not associated with oceanic crust, and is ~ 500 km from the edge of the Proterozoic craton edge (Condie et al., 2001) . The term aulacogen implies the presence of a passive margin, which did not develop in this area until latest Neoproterozoic time (Bond and Kominz, 1984; Colpron et al., 2002) .
WESTERN AND CENTRAL UINTA MOUNTAINS-RED PINE SHALE

Sedimentology, Stratigraphy, and Geochemistry of the Red Pine Shale
The Red Pine Shale (Williams, 1953) rests conformably on the Hades Pass quartzite (or formation of Hades Pass) (Fig. 2) and is overlain unconformably by the locally laterally discontinuous Cambrian Lodore Formation or the overlying Mississippian Madison Formation (Figs. 1, 2) . On the south flank of the Uinta Mountains, the Red Pine Shale is exposed from the western end of the range to the east side of Ashley Creek (Fig 1) . Here, the Red Pine Shale is truncated and in angular discordance with the Mississippian Madison Limestone. On the north flank, a significant thickness of Red Pine Shale is found as far east as 110°l ongitude, yet it is not found in the Sheep Creek area ~ 10 miles (16 km) farther to the east (Fig. 1) . The Red Pine Shale on the north flank either undergoes a lateral facies change or is truncated along the unconformity beneath the Mississippian Madison Limestone, or there are structural complexities that have not been recognized.
Measured-section locations for this study include the type section (Williams, 1953) at Smith and Moorehouse Creek (~ 550 m thick), the north fork of the Duchesne River (~ 1200 m thick; "Hades Creek partial section"), Henry's Fork (~ 250 m thick; partial section), and Ashley Creek (~ 300 m thick; partial section). The locations of measured sections are shown in Figure 1 , and a composite section is shown in Figure 2 . Additionally, shale samples were collected for paleontologic analysis from the Red Pine Shale in the south-central range (White Rocks locality, Fig. 1 ), from the Red Pine Shale in the north-central range (Hoop Lake locality, Fig. 1) , and from an upper shale unit that is stratigraphically below the Red Pine Shale in the central high part of the range (Leidy Peak locality, Fig. 1 ).
The Red Pine Shale includes three main facies: shale, shale and sandstone, and sandstone. The shale facies consists of parallel-to ripple-laminated organic-rich, gray to black to variegated siltshale, mudshale, and clayshale, with centimeterthick lenses and tabular beds of fine-grained sandstone (quartz arenite to arkosic arenite). It occurs in intervals 1 m to 100 m thick (Fig. 3A) and makes up ~ 70% of the composite section (Fig. 2) . The shale-and-sandstone facies makes up ~ 20% of the section and is composed of organic-rich, gray to black to variegated siltshale intimately interbedded with fine-to coarsegrained quartz arenite to arkosic arenite in very thin to thin beds (Fig. 3B) . It is found in intervals 1 m to tens of meters thick and exhibits normal grading, slump folds (Fig. 3C ), load structures, hummocky cross stratification (HCS), symmetric ripples, parallel to ripple lamination, and silica concretions. The sandstone facies is composed of fine-grained to granule quartz arenite to arkosic arenite with local milky-quartz pebbles and mudrock intraclasts and is also found in intervals 1 m to tens of meters thick. Sedimentary structures include normal-and reversegraded beds, HCS, cut-and-fill structures, asymmetric and symmetric ripples, parallel to ripple lamination, load structures, planar-tabular crossbeds (Fig. 3D) , and rare associated topsets. The sandstone facies is typically thin-to medium-bedded and bundled into meter-scale tabular beds.
The facies characteristics and associations are suggestive of deposition near or below fair-weather wave base, likely in a deltaic system. Grain size and sedimentary structures of the shale facies suggest suspension settling punctuated by turbidity currents caused by local slumping and/or storm waves. These processes are common in prodelta settings that are influenced by fluvial and (or) wave processes (Bhattacharya and Walker, 1991; Reading, 1996) . Grain size and sedimentary structures in the shale-and-sandstone facies also suggest suspension settling punctuated by turbidity currents, yet the increase in sand percentage and the sedimentary features suggest a more proximal prodelta to delta-front setting, below and near fair-weather wave base (Bhattacharya and Walker, 1991; Reading, 1996) . Grain size and sedimentary structures in the sandstone facies suggest a higherenergy environment, near to above fair-weather wave base, in a wave-and river-influenced delta front (Bhattacharya and Walker, 1991) . Facies associations suggest an overall relative deepening from the delta front at the base of the composite section, to the distal prodelta in the middle of the section, and shallowing again to a delta front at the top (Fig. 2 ).
δ 13 C org analysis of organic-rich shales reveals variability of 13.9‰ (PDB), with values ranging from -16.9 to -30.8‰ PDB (Table 1 ; Fig. 2A ). Preliminary TOC values range from 0.07 to 5.91% (Table 1) . Methods used to conduct these analyses can be found in Dehler et al. (2005a) . A composite δ 13 C curve in Figure  2 includes data from the two best exposed and more completely sampled sections-the type section and the Hades Creek section (Fig. 1) . The δ 13 C curve is characterized by an abrupt shift in values at the base of the section from -24‰ to -16.9‰ within a 3 m interval, and is followed by a gradual fall to values near -28‰ in the next 350 m. The rest of the curve is dominated by an average value of ~ -26‰ with variability of ± 2‰. Preliminary δ 13 Corg data from the Henry's Fork section shows values from -19.6 to -26.5‰, and the Ashley Creek section values range from -17.1 to -27.7‰. Values from these localities are similar to the more distinctive values in the composite δ 13 C curve and are encouraging for potential use in correlation of the Red Pine sections across the range (Fig. 1 , Table 1 ). The variability in δ 13 Corg values is similar to other δ 13 C org curves from middle-late Neoproterozoic marine successions (e.g., Veteranen and Akademikerbreen groups, Knoll et al., 1986 ; Copper Cap and Sheepbed formations, Kaufman et al., 1997; Chuar Group, Dehler et al., 2005a) , suggesting that the Red Pine Shale is within this age range, is possibly marine in origin, and may record regional or global organic-carbon burial events.
Paleontology of the Red Pine Shale
Paleontological data indicate two primary types of fossil assemblages preserved in the Red Pine Shale. The first is dominated by Bavlinella faveolata (Shepeleva) Vidal, 1976 , a spheroidal aggregate ~ 5-20 µm in diameter, consisting of multiple organicwalled, micrometer-scale spheres (Fig. 4A, B) . [The fossil is also referred to in the literature as Sphaerocongregus variabilis Moorman, 1974 , now regarded as a junior synonym of Bavlinella faveolata (Vidal, 1976) .] Degraded leiosphaerids, including probable outer envelopes of acritarchs, occasionally co-occur with B. faveolata. Euhedral pyrite is also common in the assemblage; in some cases, B. faveolata appears to have been pyritized, although these forms may instead be abiotic framboidal pyrite grains (cf. Gaucher et al., FIG. 3.-Photographs of common facies in the Red Pine Shale: A) thin interbeds of shale and siltstone in the shale facies (distal prodelta); B) thin to medium interbeds of the mixed sandstone and shale facies (proximal prodelta); C) slump fold in the sandstone and shale facies indicating local relief on the delta slope; D) medium-to thick-bedded crossbed sets in the sandstone facies (proximal prodelta to delta front). 2003; see discussion in Vidal and Nystuen, 1990 , and in references cited therein). Abundant and well preserved specimens of B. faveolata occur at the White Rocks locality, and possible pyritized specimens are common in shale from the Hades and type sections. The second assemblage is characterized by abundant leiosphaerid acritarchs and filaments ( Fig. 4C-E ; also see Nyberg et al., 1980; Nyberg, 1982a; Vidal and Ford, 1985) . The leiosphaerids range in size from 5 to 100 µm in diameter, representing variable states of preservation and, probably, an assortment of taxa, eukaryotic and/or prokaryotic. Some occur as isolated cells, others as colonies of unicells (Fig. 4C-D) . The filaments range in width from 5 to 20 µm and may be greater than 100 µm in length. Some appear to have been hollow tubes, while others are flat sheets. Like the leiosphaerids, their affinities are problematic; they are often compared with cyanobacterial filaments (Hofmann and Aitken, 1979) , but a eukaryotic affinity cannot be ruled out. Bavlinella faveolata and Satka colonialica occasionally co-occur.
A C D B
More complex fossils are also found in the Red Pine Shale, but only as isolated occurrences. Vidal and Ford (1985) reported Valeria lophostriata, cf. Stictosphaeridium, Trachysphaeridium sp. A, T. laminaritum, T. laufeldi, and Tasmanites rifeiicus from a single sample collected at Setting Road, near the type section. Nyberg (1982a) described possible specimens of Anguloplanina rhombica, and a new genus and species, Tuberculosiphon uintaensis, from a sample collected near Gardner's Fork, in the northwestern Uinta Mountains. T. uintaensis appears similar to, and may be synonymous with, Paleovaucheria (Hermann, 1981) , a branching, tubular fossil with bulbous terminations, interpreted to be a vaucheriacean alga (Hermann, 1981; Woods et al., 1998) . Paleovaucheria is known from the late Mesoproterozoic Lakhanda Series, Siberia (Hermann, 1981) ; from the Baikalian of Siberia, also likely late Mesoproterozoic in age (Faizullin, 1998; Butterfield, 2004) ; and from the middle Neoproterozoic Svanbergfjellet Formation, Svalbard (Butterfield, 2004) , consistent with the presumed age of the UMG (see below).
Vase-shaped microfossils (VSMs) are also occur in the Red Pine Shale. Thought to be the remains of testate amoebae Porter et al., 2003) , VSMs occur as casts in a silicified mudstone unit from the upper half of the Red Pine Shale at the type section ( Fig. 4G, H ; Nyberg, 1982a Nyberg, , 1982b Porter et al., 2003; Nagy and Porter, 2005) . Included in the assemblage is a unique pair of specimens, preserved with their apertures at- , 1976; A) multiple B. faveolata aggregates, each indicated by a black arrow, Red Pine Shale, Hoop Lake locality, slide HL04-10, England Finder coordinates (EF) are K37); B) a single B. faveolata aggregate, Red Pine Shale, White Rocks locality, slide WR03-4-ker, EF = U24-1; C, D) Single and clustered Leiosphaeridia sp., eastern UMG, Leidy Peak locality, slide LP10-03-01-6, EF = G26-3 and N36-3, respectively; E) multiple filaments of varying widths, Red Pine Shale, Hoop Lake locality, slide HL04-10, EF = N34-2; F) ornamented acritarch, eastern UMG, Leidy Peak locality, slide LP03-01-6, EF = J30-4; G) two vase-shaped microfossils (VSMs) attached at their apertures, likely undergoing asexual reproduction (see Porter et al. 2003) , Red Pine Shale, Type Section, slide RP00B-40, EF = A47; H) probable VSM indicated by white arrow, Red Pine Shale, Type Section, slide RP00B-40, EF = K30; I) ?secondary diagenetic organic coating of a VSM cast?, eastern UMG, Leidy Peak locality, slide LP10-03-01-2-ker, EF = T30-2. England Finder coordinates refer to location of specimen on slide with labeled edge to the left and England Finder oriented so that the text appears right-side up through the microscope. Specimens in A-F and I were obtained through acid maceration; specimens in G and H are from thin section. Images A, C-F, and H previously published in Nagy and Porter (2005) and reprinted by permission from the Utah Geological Association. Image G previously published in both Nagy and Porter (2005) and Porter et al. (2003) and reprinted by permission from the Paleontological Society.
FIG. 4.-Representative microfossils from the Uinta Mountain Group (UMG). A, B) Bavlinella faveolata (Shepeleva) Vidal
tached, suggesting that they were undergoing asexual reproduction when they died ( Fig. 4G ; see Porter et al., 2003 , for more details). Other Red Pine Shale shale and siltstone samples yield organic fragments and siliceous clasts that are suggestive of VSMs, though not conclusively. Similar structures have also been recovered from the underlying formation of Moosehorn Lake ( Fig. 1 ; Nyberg, 1982a; Nagy and Porter, 2005) . Fossils in the Red Pine Shale help constrain the sedimentary environments of the unit. Assemblages dominated by Bavlinella faveolata are characteristic of deeper-water, turbidite-dominated offshore environments; conversely, the species is absent or rare in shallow-water environments where more diverse acritarch assemblages occur (Butterfield and Chandler, 1992) . Such a distribution suggests that Bavlinella may be an opportunistic taxon, producing blooms in conditions inhospitable to most other species (Knoll et al., 1981; Mansuy and Vidal, 1983) . Indeed, Knoll et al. (1981) found that Bavlinella-dominated assemblages do occur in shallow-water environments (although see Butterfield and Chandler, 1992) , but only during Neoproterozoic glaciationwhen, they suggest, fluctuating temperature, salinity, and nutrients produced eutrophic conditions that allowed Bavlinella to bloom in nearshore environments. Alternatively, Bavlinella blooms may indicate anoxic and sulfidic water conditions, rather than eutrophy per se. Vidal and Nystuen (1990) suggested that, rather than representing the remains of cyanobacteria (Moorman, 1974; Knoll et al., 1981; Mansuy and Vidal, 1983; Knoll and Swett, 1985) Bavlinella may represent anoxygenic photosynthetic bacteria that thrived in the photic zone in stratified, sulfide-rich, suboxic basins characterized by very shallow chemoclines (e.g., Repeta et al., 1989) . This is consistent with evidence suggesting oceanic anoxia during Neoproterozoic glaciation (e.g., Hoffman and Schrag, 2002) and with hypotheses about Proterozoic ocean chemistry and biotic evolution (Canfield, 1998; Anbar and Knoll, 2002) . If true, it would suggest that, at least at the White Rocks locality and probably at the Hades Creek and type sections, the Red Pine Shale records sulfide-rich suboxic conditions in a stratified basin similar to the modern Black Sea (Repeta et al., 1989) . Vase-shaped microfossils are found most commonly in facies representing tidal-flat and lagoonal environments and it is likely that the organisms lived in these environments . They have also been found in facies representing subtidal environments (e.g., in dolomite nodules within black shale, upper Walcott Member, Chuar Group), but their extremely dense concentrations (> 100 individuals per mm 3 ) suggest that the tests were probably transported. This is consistent with modern testate amoebae, whose empty tests can be transported and winnowed, forming similarly dense accumulations . Red Pine Shale VSMs have yet to be found in the same concentrations as those from subtidal settings, but a history of transport cannot be ruled out.
In combination, VSMs and Bavlinella provide useful age constraints on the Red Pine Shale. Although Bavlinella reaches its acme during the Ediacaran Period (~ 635-543 Ma; Knoll et al., 2004) , it makes its first appearance just before the Sturtian glaciation (Vidal, 1976; Knoll and Swett, 1985) . No definitive VSMs are known from post-Sturtian rocks . (Corsetti et al., 2003 , have reported the youngest VSMs, from Sturtian synglacial rocks in Death Valley, California.) Thus, the presence of both VSMs and Bavlinella in the UMG suggests that the unit either predates or is coincident with Sturtian glaciation. The absence of obviously glaciogenic sedimentary features in the UMG favors the former interpretation.
Several earlier, preliminary, reports on UMG paleontology are consistent with interpretations presented here. The reader is referred, in particular, to Vidal and Ford (1985) , Hofmann (1977) , and Link et al. (1993) . For a recent and more comprehensive description of UMG paleontology, the reader is referred to Nagy and Porter (2005) .
EASTERN UINTA MOUNTAINS-JESSE EWING CANYON FORMATION AND CLASTIC STRATA UNDIVIDED
Sedimentology and Stratigraphy of the Eastern Uinta Mountain Group
Most of the UMG in the eastern Uinta Mountains has never been measured in detail or thoroughly described. The eastern UMG unconformably overlies the Red Creek Quartzite and is unconformably overlain by the Cambrian Lodore Formation (Figs. 1, 2B ). It consists of predominantly sandstone, with local intervals of mudstone and conglomerate ( Fig. 2 ; Hansen, 1965; Sanderson and Wiley, 1986) . The thickness of the eastern UMG was estimated to be ~ 7 km by Hansen (1955 Hansen ( , 1965 , but, on the basis of thermal alteration analyses on organic matter in shale (Sprinkel and Waanders, 2005) and cross-section interpretation and mapping (De Grey, 2005; McKenney et al., unpublished data) , the thickness may be significantly less (~ 4 km) or, more likely, highly variable (see Stone, 1993) .
The only unit that has been formally subdivided in the eastern UMG is the basal Jesse Ewing Canyon Formation (~ 225 to > 500 m thick), which includes lithic clast-supported conglomerate and breccia, lithic, arkosic, and quartz arenite, and black to green to gray shale (Sanderson and Wiley, 1986; Dehler, 2005, 2006) . Paleocurrent data measured from clast imbrication indicate a southwestward flow direction (Sanderson and Wiley, 1986) , although newly obtained paleocurrent data from crossbedded sandstones show westward and northward flow directions (A. Brehm, unpublished data). Sanderson and Wiley (1986) suggested that this unit represents alluvial-fan and related environments. We suggest that a significant part of the Jesse Ewing Canyon Formation, namely, the thick intervals (tens of meters) of variegated shale interbedded with thin-to thickbedded conglomerate and breccia, indicate fan-delta deposition (Fig. 5) . HCS, ripple marks, and multidirectional crossbedding in sandstone facies of this unit suggest a high-energy environment near and below fair-weather wave base (Fig. 5; Brehm and Dehler, 2005) .
The undivided clastic strata are well exposed in the Browns Park area, east of Flaming Gorge (Fig 1) . Detailed mapping and facies analyses allow characterization of different facies associations that provide a means for subdividing the currently undivided UMG ( Fig. 1; Table 2 ; De Grey, 2005; De Grey and Dehler, 2005) . Stratigraphic units were mapped as facies associations (after Miall, 1978) . Four facies associations (FAs) include: the lowangle and trough-cross-bedded sandstone (FA1), the thick-bedded to massive sandstone (FA2), sub-equal interbedding of FA1 and FA2 (FA3), and the fine-grained sandstone, siltstone, and mudstone (FA 4) ( Fig. 6 ; Table 2 ).
The facies associations are differentiated in the field by their weathering profile on a macroscale and by their sedimentary structures and bedding characteristics on an outcrop scale. FA1 forms laterally discontinuous (ten-meter-scale) sandstone ledges and gently sloping sandstone platforms on the landscape. Outcrops of FA1 are generally thin-to medium-bedded sandstone and contain low-angle cross bedding or trough-cross bedding (Fig. 6A) . FA2 is identifiable by laterally continuous (hundredmeter-scale) steep cliffs which exhibit massive to thick-bedded sandstone. The lower contact of FA2 is typically sharp, and is commonly the base of a large channel form (tens to hundreds-plus meters across). The most common sedimentary structure in FA2 is trough cross bedding in thick beds (Fig. 6B) . FA3 contains sub-equal amounts of FA1 and FA2 that are interbedded at a scale too small to map (at 1:24,000 scale; De Grey, 2005), yet are clearly distinguishable in outcrop scale. FA4 is characterized by swales in the topography or by slopes covered in talus and vegetation. FA4 rocks are typically found in float; rare outcrops exhibit thinbedded to thinly laminated green to red shale, siltstone, and finegrained sandstone (Fig. 6C) . Sedimentary structures in FA4 include symmetric and interference ripple marks, mud cracks, gypsum molds and casts, planar-tabular crossbedding, ripplecross lamination, and parallel lamination.
There are four main intervals of FA4 in the eastern clastic strata in the region ( Fig. 2 ; Connor et al., 1988; Hansen and Rowley; Sprinkel, 2002; De Grey, 2005) . The most studied interval of FA4 is the lowermost of these potential marker units, which is laterally extensive for tens of kilometers. This unit thickens from 50 m to 1 00 m and becomes increasingly organic-rich westward from the Browns Park area (west of location 8 in Fig. 1 ). These intervals of FA4 are possible stratigraphic markers, and this lowermost one has allowed preliminary subdivision into three informal stratigraphic units ( Fig. 2; De Grey, 2005; De Grey and Dehler, 2005) . The lowermost FA4 unit is informally called the formation of Outlaw Trail. All exposed strata below this unit on the south side of Browns Park are referred to as the formation of Diamond Breaks. All exposed strata above this unit (including, for now, other FA4 intervals) are called the formation of Crouse Canyon.
Paleocurrent analysis was conducted in FA1, FA2, and FA4 (Table 2 ). FA1 contains many small to large trough cross beds (decimeter-to meter-scale) that reveal an average flow direction of 219° (n = 41). FA2 contains many large troughs (meter-scale) that reveal an average flow direction of 195° (n = 21). These paleocurrent data are consistent with results from paleocurrent analysis of imbrication in the underlying Jesse Ewing Canyon Formation (southwestward flow direction; Sanderson and Wiley, 1986) and suggest a genetic relationship between these undivided clastic strata and the underlying Jesse Ewing Canyon Formation. FA4 contains straight-crested symmetric ripple marks that reveal a wide range of orientations (n = 15) and suggest a northeast-southwest oriented shoreline. We interpret the sandstone FAs (1, 2, and 3) to represent different parts of a south-southwest-flowing braided-river system. This interpretation is based on the dominance of troughcross beds, the low percentage of shale, the lateral extent of the units (tens of kilometers), and the somewhat unidirectional paleoflow directions (e.g., Miall, 1978 Miall, , 1996 De Grey, 2005) . The sedimentary structures in FA1 reflect the dominance of migrating bars and small sinuous dunes, scouring, and minor overbank deposition. The dominance of larger-scale trough cross beds in FA2 records downstream migration of dunes, bars, and sand waves in braid channels. FA2 is commonly observed within channel forms, which supports this interpretation.
The finer-grained FA4 represents lower-energy conditions with some amount of wave refraction and intermittent desiccation. The most likely environment is a wave-affected delta plain (e.g., interdistributary bay, tidal flat; Reading, 1996) . A delta plain with marine influence is favored on the basis of the marine interpretation for a significant part of the UMG in the western part of the range (Wallace and Crittenden, 1969; Wallace, 1972; Dehler et al., 2002; Dehler et al., this paper) .
Petrographic data show that the composition of the different sandstone facies associations all plot within or near the quartz arenite field of a standard QFL diagram, and that FA4 is noticeably more feldspathic (Fig. 7) . The composition of FA4 likely reflects a different source, yet hydraulic sorting, reduced chemical weathering, and increased burial rates are also possible controls on composition. Ball and Farmer (1998) craton to the north and quartz arenite to be sourced from mixed Paleoproterozoic and Archean sources to the east. Our paleocurrent analyses show that quartz-rich petrofacies in the undivided clastic strata are derived from the east and north, suggesting a more complicated provenance history ( (Fanning and Dehler, 2005) . This medley of grain populations suggests that arkosic sandstone is not derived exclusively from the Wyoming province, and indicates a mixing of sources due not only to multiple fluvial inputs but perhaps also to wind and longshore drift.
Paleontology of Eastern Uinta Mountain Group
The paleontology of the eastern UMG has not been as well studied as that of the western UMG. Of the nine shale samples analyzed, six contained simple leiosphaerid acritarchs and filaments and two were barren of fossils. The remaining sample yielded a diversity of ornamented acritarchs and possible VSMs ( Fig. 4F, I ; Nagy and Porter, 2005 ; see also Sprinkel and Waanders, 2005) . If the presence of VSMs is confirmed, it would suggest that units east of, and likely older than, the Red Pine Shale are less thañ 800 Ma in age, as no VSMs have been found in rocks older than this (see Porter and Knoll, 2000) .
DISCUSSION AND CONCLUSIONS
The facies of the Red Pine Shale and facies associations of the undivided clastic strata are interpreted to represent two different parts of the same depositional system (the delta front and prodelta, and the braided river and delta plain, respectively). Although there is no unequivocal sedimentologic data to suggest that the delta-plain deposits are marine, the presence of VSMs and Bavlinella in closely related strata suggest a marine influence on the eastern clastic strata. These interpretations lead to a paleogeographic reconstruction of the UMG basin consistent with models proposed by Wallace and Crittenden (1969) , Wallace (1972) , and Dehler et al. (2001b) that the UMG is a fluvial-deltaicmarine system, not a terrestrial basin, and the southern edge of the basin was not likely along the southern edge of the modern outcrop belt (e.g., Condie et al., 2001) .
Biostratigraphy and C-isotope stratigraphy suggest that the Red Pine Shale is ~ 750 Ma (biostratigraphic and chemostratigraphic correlation), and the greater part of the eastern UMG is younger than 770 Ma. No unconformities have been found in the UMG, and all of the facies and facies associations appear genetically related. Thus, the entire UMG (> 4-7 km) was rapidly deposited cumulatively in one basin, likely associated with the breakup of Rodinia (Condie et al., 2001) . Considering the age of the UMG strata as compared to other nearby early-rift strata such as the Surprise Member of the Kingston Peak Fm, Death Valley (~ 700 Ma; Prave, 1999) , the Pocatello Fm, southern Idaho (~ 717 ± 4 Ma to < 667 ± 5 Ma; Fanning and Link, 2004) , and the Edwardsburg Fm, central Idaho (685 ± 7 Ma; Lund et al., 2003) , the UMG basin records pre-early rifting and indicates that there were three pulses of rifting prior to the successful passive-margin development. The Chuar Group fits into this "pre-early rift" category as well (~ 770-742 Ma; Dehler et al., 2001a; Timmons et al., 2001) .
The tectonic style of the UMG basin has been interpreted "from indirect evidence"-by the shape of the outcrop and subsurface distribution, the presence of immature clastic deposits along the north part of the UMG outcrop belt, the association of these clastic deposits with the edge of the northern outcrop belt and the Laramide-age North Flank fault (possible reactivated UMG-age fault), a potential intraformational normal fault in the Jesse Ewing Canyon Formation, and simply the vast thickness of sedimentary rock preserved (Wallace, 1972; Sanderson, 1984; Sanderson and Wiley, 1986; Stone, 1993; Ball and Farmer, 1998 ; TABLE 2.-Facies associations and paleocurrent data from the undivided clastic strata of the eastern Uinta Mountain Group. Condie et al., 2001) . Further documentation of tectonic style and age of the UMG is needed to clarify the basin type and history, and how it fits with current models of the evolution of the Neoproterozoic Laurentian margin (Colpron et al., 2002; Eyles and Januszczak, 2004; Fanning and Link, 2004) .
Although genetic relationships between eastern and western UMG strata are fairly well established (Farmer and Ball, 1998; Condie et al., 2001 ; this paper), it is still not known how the strata correlate across the range. The Laramide-age North Flank fault cuts down section in the UMG eastward, eventually exposing the base of the section and the underlying basement rocks ( Fig. 1 ; Sprinkel, 2002) . It is likely that the UMG strata in the western part of the range are equivalent to and younger than the strata in the east. This implies that the UMG is even thicker than previous estimates (> 4-7 km).
Correlation of the UMG with other strata in the region is difficult because of disparate outcrops, structural complexities, and the lack of geochronologic constraints. Although there are no good age constraints on the Big Cottonwood Formation (Ehlers and Chan, 1999; Dehler et al., 2001a) , this is the best regional correlation with the UMG (Fig. 1 ; Wallace and Crittenden, 1969; Crittenden and Wallace, 1973; Link et al., 1993; Dehler et al., 2001a) . Provenance and geochemical studies indicate that the Big Cottonwood Formation and the southern belt of the UMG outcrop are strikingly similar (Condie et al., 2001; Fanning and Dehler, 2005; Dehler et al., 2006) , and the former has been interpreted to be in part marine (Ehlers and Chan, 1999) , which would fit our proposed paleogeographic model of the UMG. Paleoenvironmental interpretations, δ 13 C variability, and fossils from the UMG suggest similarities with the midNeoproterozoic marine ~ 770-742 Ma Chuar Group of Grand Canyon, and the > 700 Ma middle Pahrump Group of Death Valley (Prave, 1999; Dehler et al., 2001a; Dehler et al., 2002; Dehler et al., 2005a) , supporting previous correlations (e.g., Link et al., 1993; Dehler et al., 2001b) .
δ 13 C variability in the Red Pine Shale suggests long-term changes in organic-carbon burial rates. If the 10+‰ positive excursion in the Red Pine Shale is coeval with the excursion in the upper Chuar Group, the control on this increase in carbon burial rates may coincide with an increase in sedimentation rates related to a wetter climate (see Dehler et al., 2005a) . The background values in the composite curve of -28 to -26‰ could then reflect more arid conditions associated with lowered sedimentation rates. This climate variability in tropical latitudes could reflect oscillating global climate, yet not dramatic enough to cause tropical glacial conditions as those that ensued post 742 Ma. Low-angle and trough-cross-bedded facies association Fine-grained facies association Thick-bedded to massive facies association
